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"NOTiCEi  When  Government  or  other  drawing*,  tpeciflcatlons  or 
other  data  are  u*ed  for  any  purpoae  olher  than  in  connection  with 
a  definitely  related  Government  procurement  operation,  the  U.S. 
Government  thereby  incur*  no  mponiibHity,  nor  any  obligation 
whataoeveri  and  the  fact  that  the  Government  may  have  formulatei 
furniahed,  or  in  any  way  *upplled  the  aald  drawing*,  (pacification* 
or  other  data  la  not  to  be  regarded  by  Implication  or  otherwiae  aa 
In  any  manner  licenalng  t.ie  holder  or  any  other  percon  or  corpora 
tion,  or  conveying  any  right*  or  per  mi  eaten  to  manufacture,  uae  or 
tell  any  patented  invention  that  may  m  any  way  be  related  thereto 
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T,4tU^r*  **d*  t0  ^^rmim  th»  bydrodymKlc  coefficients  is  the  ysw 
pl*m  of  Ett  Modal  ?!i2  (of  the  Taylor  Standard  Sariaa)  with  akaga  of  vary¬ 
ing  ala*,  *h*p*  and  poaltion.  Similar  experiment*  ver*  oonducted  with  flat 
Plata*  ha  wine  the  “»•  prof  11a  art*  and  go  on*  try  an  tha  various  configurat¬ 
ion*.  Tha  ntatlo  and  damping  hydrodynaalo  coafflclanta  war*  da  ter*  load  for 
varlon*  anglan  of  attaok  by  means  of  straight-course  experiments  aid  by  In¬ 
terpolation  of  rotatlng-ar*  data.  Comparison  of  tha  atralght-couraa  r* suit* 
with  thosa  darlTod  by  Umar  intarpola tlon  of  tha  rotating-ar*  data  abow  ax- 
collant  agreement;}  Thla  aucoaxiful  coapariaoa  confirms  praviona  experianc* 
at  tha  Davidaon  kAoratory  that  tha  rotatlng-ar*  can  bo  railed  upon  to  giro 
hydrodynamio  d»tn  ratty**  applicable  to  straight  trajectories  (Inflnlta  rad¬ 
ius  of  turn).  NConoaquantly,  atralght-oouraa  notion  can  ba  conaidaradaa  an 
In  termed  lata  between  a  large  turn  to  tha  right  and  an  equally  largo  turn  to 
tha  left*,  - ' 

Investigation  of  vorlous  flat  plat* a  reveal*  a  similarity  between  tha 
hydrodynamic  ohara ct* rlatlco  of  a  nodal  end  thosa  of  a  corresponding  plata.-v. 
Theaa  axporlmonta  abow  the  sum  general  trends  In  lateral  1  .ree  and  yawir*  \ 
■omer.t,  with  tha  exception  that  lateral  force  la  larger  on  tha  plats  a.  a**-  l 
*  one  for  thin  behavior  are  given.  Conparlaon  of  oxporlmental  re  suit  n  wltb  ) 
exi  ting  low  aspect  ratio  theorlaa  substantiates  tha  am  logy  believed  to  ax-y 
let  batwaen  ehip  hulls  and  wing  a.  _ 1 

S*An  attempt  to  study  tha  usefulness  of  tha  flat-plate  coefficient*  In 
regard  to  date  mining  the  atability  indices  for  a  a  hip  modal  of  tha  same  pro¬ 
file  area  la  Included.  ^Comparisons  of  tha  stability  Indices  calculated  for 
tha  *h ip  model  (with  itaVariou*  akag  arrangements)  with  thooe  obtained  us¬ 
ing  tha  flat-plat*  hydrodyhanlo  coefficient*  (in  lieu  of  tha  model  oosffi- 
olente)  ahow  that  thla  substitution  cannot  b*  made.  It  Is  oonoludad  that  tha 
dlaagreamant  In  lateral  fore  rate*  between  tha  modal  and  plats  of  the  aaiae 
profile  area  le  primarily  responsible  for  tha  lack  of  agreement  of  tha  com¬ 
puted  stability  indices.  Thla  indicates  that  ianedieta  preotloal  use  of  the 
existing  similarity  cannot  ba  made  before  e  oorraction  Is  applied  to  tha  mag¬ 
nitude  of  the  lateral  form. 

Since  the  length  and  draft  of  a  ship  ere  taken  Into  acoount  In  low  as¬ 
pect  ratio  analogy ,  while  tha  fullness  or  baan  la  oomplataly  Ignored,  an  Im¬ 
mediate  problem  of  correlating  the  fullness  with  the  lateral  force  express¬ 
ion  available  from  tha  low  aspect  ratio  thaoria*  arises.  Tha  attempt  to  bring 
tha  results  of  experiments  Into  agreement  with  the  linear  part  of  tha  low  as¬ 
pect  theories  ahows  that  a  correction  factor,  k  ,  linearly  dependent  on  tha 
effective  aspect  ratio,  ,  can  b*  employed.  It  my  elao  b*  aaen  that  tha 
factor  k  strongly  dapends  on  fullness  of  the  bull,  but  no  oonclnalons  oould 
ba  drawn  on  lta  affaot,  since  only  two  different  beam-length- ratio  configur¬ 
ations  were  considered. 


Model  designations  applied  prior  to  ohange  from  Experimental  Towing  Tank  to 
Davidson  Laboratory  will  ba  retained. 


THIUCDDCttO* 


The  pnblM  of  turning  and  steering  of  aurfaee  ships  i*  of  vital  in- 
portanca  In  the  field  of  naval  architecture  alnea  it  la  istinately  relatad 
to  mneuverebility  and  stability  and  la,  lcraowr,  a  special  oaae  of  the 
aral  problem  of  the  notice  of  bodies  in  flnida, 

the  problee  of  turning  and  eourae-lcaeplng  characteristics  was  invest¬ 
igated  by  Davidson  and  Sehiff1  who  introduced  criteria  for  dynamic  etabil- 
ity  baa«>d  on  the  following  coemptions  t 

1,  the  Ideal  inooagjreasibl#  fluid  Burroundln* 
a  ship  la  tubs  tan tlally  atill# 

2,  the  1 inearl*  ad  theory  la  Used  (oroas-ooup- 
llng  of  varioua  ef  facte  are  not  « one  Ida  red), 

3,  fore  and  eft  csymaetry  together  with  vave- 
•w  Icing  affects  are  omitted. 

Evaluation  of  thaee  criteria  is  based  on  a  priori  knowledge  of  certain  hydro- 
dynamic  coefficients  which  can  be  determined  experimentally  for  verlaue  *es- 
■  als  with  different  appendages  arvl  various  types  of  propulsive  devioea. 

It  has  been  astebllshed  that  the  study  of  turning  and  a  tea  ring  of  a 
surffeoe  ship  can  be  restricted  to  the  horlanntal  plana  alone  add  that,  for 
length-Froude  nuabers  less  than  0.20,  weva-*»aklng  effect#  can  be  negleoted. 
Therefore,  the  hydrodynsraic  lateral  force  end  moemnt  ooeffieiant#  era  the 
essential  parameters  in  turning  and  steering,  and  thaee  oae  be  obtained  froa 
rota  ting-arm  tests  at  any  speed  where  F  S  0,20  ,  but  large  enough  ao  that 
Reynolds  number  effects  are  Mitigated, 

The  requirement  of  optimising  the  asneuvereblllty  and  ateblllty  Aar- 
aotarlatlcs  of  a  aurfaoa  Teasel  makes  tba  question  of  interference  affect* 
between  the  bull  and  various  appendages  one  of  fundamental  l^ortanee.  The¬ 
oretical  work  on  interference  of  flows  at  wing-body  end  tail-body  Junctures 
baa  bean  dona  by  aarodynanlaists  end  to  a  much  wore  limited  extent  by  re- 
eeerohare2*3  in  oeval  architecture  who  have  appraaohed  tbe  aoelogoua  problm 
in  regard  to  rudders  in  ■  propeller  reoe. 

This  report  presents  the  results  at  a  nodal  study  at  the  hydrodynamio 
characteristics  of  ITT  Model  012  of  the  Taylor  Standard  Series.  Five  con¬ 
figurations  vara  investigated,  vis,,  e  bare  hull  and  a  bull  with  four  dif¬ 
ferent  skegs.  Measurements  of  longitudinal  and  lateral  feroee  es  well  ae 


Hi  ikUlnrf  far  wUw  u«lii  a f  ittMk  at  a  g&— a  ipiil 

ratio  of  0.9, 

1km  wHmarta  wart  Mm  an  a  itnl^l  I— rai  Mi  w  i  imhala- 
•d  alraolar  path  hart—  a  3t-f— t  n41a*  lha  mffttlaaii  af  atatia  aad 
do-lag  form  larintiwa  ilai|  with  ata  it  a—  da— lag  — aa—  4wi«MW 


i  —  ttiwMaai  | 


Iotaly, 

Um  fare—  aad - -  aatlag  — —  a  toftp  tgr  —king  too  af  tha  law  aapaat 

ratio  vise  tin  ary,  (flat  fi^nwly  a»  aMI  Xa— a5)  TV*  ahip  Ml 

la  idaotlflod  with  a  wing  bowing  tha  load  watarllaa  ae  lto  toard  aai  Mm 
tha  draft  aa  Iti  apno.  Tha  ywawi  af  tha  f raw  aarfaaa  la  th—'lbg  ta*aa 
into  aoeaMt.  To  datavalaa  tha  —tar  af  tha  — 1 Iddby  af  thfta  Mag  %d- 
11  tl anal  -porlm—nl  work  wco  aarrloo  oi  aa  flat  plat—  with  tha  aaaa  pra- 
fila  araa  and  g— try  aa  thaaa  of  tha  iiriapwMIaf  hwll-afcag  irflfariV 
Iona.  Dm  oa— ntod  lift  anl  jwvtag  a  not  aaafflalaota  ara  awgarad  la  tha 
praaaot  raport  with  axtattng  law  map*  iwtlo  wing  thaart— ,  and  rwaalta  af 

thaaa  oo— arisen*  ra Mai  tha  mlidity  e£  tha  tkm  aaalagy. 

Finally  an  a—1— tl—  of  tha  ptoalhls  — •  af  tha  flaV-plato  awilig 
la  woda Italian  ta  do  to  ml—  if  tha  atabOlty  1— la—  aaa  ha  total— d  with 
uiMag  hy  wain  tha  Plata  aaafflolida  la  llaa  af  thaaa  af  tha  holl  that 
aonflgvimtiaua*  Thla  —hatltatl—  la  fawnd  to  ha  1— dag— to  ud  tha  ratal— 
far  lto  fallwrw  ara  fit— . 

In  aww—iy*  tha  1— aatlgatlaa  iaaarihad  haraia  la  dMdad  lata  t— 
ports i  tha  fliwt  d—Uag  with  «pari— oUtl—  an  tha  ahlp  nadal  flttad  with 
— rloua  A—t  •—  tha  aaaa—  with  —pari— tol  wat*  — —at—  —  tha  flat- 
Plata  aanflgwratla— • 

In  tha  fliwt  port,  tha  atatia  a—  di— la  aaafflalaala  far  tha  lata— 1 
fora—  a—  —anta  obtain—  f ran  atrUgV—  Mgirt— <■  —  —11  —  hr 
rototlag-oiw  faallltl—  ara  praaant— .  ttotla  far—  aad  a— t  naffld— a 
ohtola—  by  latarpalatlag  tha  rotating  ara  t— to  —a  inigml  — th  tha—  to* 
tainad  in  tha  atral^t  itoraa  aaparl—  ata. 


fba  aaeond  part  oootolna  tha  — pari— nUI  roawl'.a  total— i  with  tha 
flot-plata  aanflg—ntia— •  A  p-aphlaal  oaaparla—  af  tha—  data  with  aslat- 
1—  1—  aapaet  ratio  wing  thaarl—  la  to— a  a—  raaalta  af  tha  atabUlty  — - 
alyala  da— rib—  aha—  ara  p— aa— — . 
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■CMEMCUTU* 

-reflla  a  ran  of  various  coarflguratlw ,  In  a^uara  »  “ 

oths-'»lM  teflMd  In  ttaa  taat 

Dtatanca  of  tha  C.O.  of  tha  nodal  frc*  tho  tow  point,  in  foot 
Oaowtrlc  aaptct  ratio ,  H  fk 
Broad  th  of  hull,  In  fant 

Can  tar  of  gravity  of  anrloua  configuration* 

Lift  ooafflciant 

Moaant  ooafflciant 

Draft  of  hall,  in  foot 

(fed anaa  haight  of  anrloui  alcaga 

Honant  of  Inart  i*  of  tha  hall  about  tha  a-axU 

Radl.ua  of  gyration  of  tha  hull  about  tha  a-nnln 

co^rici-rt  u>  r.u« 

lao  to  oorraoponding  ooa  of  llnaar  loo  **P«  mtlo  thaory 
taraa  of  offactiaa  aapact  ratio) 

Longitudinal,  Utaral  and  rotational  (about  -axis)  ooaffiolanta 
of  accaaaloo  to  inortla,  raapactiaaly 

Langth  of  hull,  in  font  (load  watarlina  lan gt*5 

Langth  of  akag,  in  lnohaa 

Km  of  warioua  hull  conf iguratlona,  in  slug* 

Maea  of  aarioua  pint#  configuration#,  In  aluga 
Longitudinal  and  lntarul  aaao  coaff icianta,  raapaotiraly 


Tawing  aoant  ooafflciant 

dtatio  and  dymialc  yawing  acnant  dariantira  ooaffiolanta,  ra- 
apactlawly 

Tawing  moment  darlaatiaa  coafflciant  in  idaal  Iluid 
Honant  of  inart ii  ocnffictant  about  tha  i-«ia 
Prof  11a  araa  of  varlcma  a  Vagi,  In  aqua  ra  faat 
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P.H..P.A. 


X,T 

X',T' 

W 

P 

P 

*1,2 


Torlou#  plot*  configuration#,  wtoora  tba  lattor  "P"  oUnd#  for 
plat#  ond  tii«  roaalndar  donotoo  tba  oorroopondln*  h»U-«k»f 
oor-flfuratlona 

fedluj  of  turninf  eircla,  In  foot 

Parian#  »Voe  oonfirnration#,  wboro  th#  lattor  "S"  otando  for 
a^a I  and  tbo  ronalndor  donotoo  tbo  anrlon#  typoo  of  okoy# 

Toloclty  cf  (dwiM,  in  foot  por  otoond 

Longitudinal  ond  lataral  foroo  roopootiroly.  In  pound# 

Longltndlml  and  litoral  foroo  ooof flsionto ,  roopootiroly 

fltotlo  ond  dynamic  lotorml  foroo  dorlootlao  oooffloionto  ro- 
■pootlroly 

Tov  anglo 

Moot  danalty  of  uotor.  In  olufo 

Root#  of  tho  otobillty  aquation,  (otobility  indie oo) 


DUCUmH  C W  MB*L  A*>  t**T  WHJIBWT 
tlM  Hd«i  un«d  In  tni!  lmiUpUn  «■  ,IT  *•'  6W*  °r  TlT‘,T 
.tatanta  ..—.I*  -I——' 

.  bn i,  hull  nnl  thlh  tall  flttnd  1*  '•»"  MX  —TlW  >»  •“* 

.ta  poaltlnn.  FU«  »-l  1"  *"— «*  *  <*«*  «>  - - 

„r  bnm-hull  tail  nta  U-  -rlta.  .n-tanta-.  «ta  hi- 

Mnoloru*  of  «od*l  and  app*nda*a#  *r*  rlwi  balow. 

F*«rrajura  of  ett  model  81*2  abd  inwMiss 

Kodal  PartloaUr* 

Ungth,  L  ,  ft-  6,00 

B  ,  ft.  0,870 

Dr* ft,  H  ,  ft.  0,298 

I*n«th-bM>  ratio,  V®  6,90 

Langth-Draft  r*tlo«  ^  20,1 

B##*-Dr*ft  rotlo,  B/K  2,92 

Walght,  lbo.  W.U0 

Profllo  araa,  *  ,  1"  oqw»*»  f*#t 
Position  of  C.Q.  fror.  bow,  lnebo#  37.14. 

Skag  Particular* 

Skags  «**•  <  h  **  froa  C^of 

lnchoo  lnchoo  ft.  A  £35* 

s.A.  23.5U  3*57  0.253  16.5  -*7.l5 

8.B.  16.33  2.21  <>•“*  7.5  *28.27 

S.C.  12.73  1-68  0.066  h.J  ’19,88 

8.D.  9  1.8U  0.116  7.6  *27.1.5 

lh.  plua  (♦)  and  «Lim  (-)  oif™  th*t  **  C*°*  °*  **“  ■k"* 

for*  <♦)  or  aft  (-)  of  tho  bara-hull  C.O. 

Th.  thin  plfo  u*ad  in  tba  ..oond  p*rt  of  th.  tooting  pro**. 
l/8-lnoh  aluolnuM  alio,  and  bad  th.  profll.  »*  °T 

spending  -od.l  oonf  1  gur* tlono  flttod  with  th. 

following  table  glT.*  th*  particular*  of  tb*  plat,  wodola,  dwlgnaUd  by 

p  h  “.  S..  utata  tta  «r.«  tta  ptata  -  tta  .ta- 

Ita-h.  tall,  1....  ’*  *" 

hull  plua  ok**  *»  *t°. 


m-rbo 

-  t  - 


mirtcdurs  or  plaim  co»*8po«>iko  to  ta  mar t 
VITO  VAKOC3  APPWOACMS 


Plat* 

Configurations 

Weight, 

pound* 

C.O.  fwd  of 
Tow  point,  ft. 

Qsomatric 
Aspect  Matle 

P.H. 

1.531* 

9.68 

0.335 

0.0579 

P.A. 

1.787 

io.  n 

0.223 

0.  01*97 

P.B. 

1.61*9 

9.82 

C.297 

0.0539 

P.C. 

1.600 

9.73 

0.313 

0.0555 

P.D. 

1.650 

9.89 

0.386 

0.0538 

T**t#  war*  oonduoted  using  th*  rotstlnc-*1'  in  Dl  Iknk  Mo.  2  whom  th* 
model  in*  constrained  te  nova  in  •  circular  path  h*vlng  •  32-foot  radius,  and 
In  DL  Tank  Mo.  3  for  th*  straight-course  notion. 

In  tb*  rot*ting-arm  t**ta,  th*  model  wa*  *tt*ch*d  to  a  "balance  beam" 
on  th*  an  by  mean*  of  •  sloping  plat*  having  lisht  flax* re*  *t  *ach  *nd 
contacting  to  th*  baaw  *nd  te  th*  dack  of  th*  modal.  TO*  d*fl*otion  otf  tb* 
bslanos  baa*  (tcrqus  t*b*)  which  waa  attaehad  to  th*  rotatlng-ar*  by  • 

•prlng,  miiursd  ths  longltudlnsl  and  timnsvar*#  foroas  acting  on  th*  nodal 
and  th-  yawing  non*nt*.  th*  dsflaction*  an  tunsfond  into  *l*otrlcal 
signals  which  w*r»  tr»n*nitt*d  to  an  slsotrlo  a*t*r  “ashcra".  A  Sanborn 
*250"  S*ri*a  oaolllograph  wa*  urad  to  naasur*  tb*  transmitted  outpota. 

Th*  atimight-ooura#  experiments  wars  conducted  in  Ihnk  Mo.  3*  using 
tha  **n*  towing  system  *nd  n*a*uring  darlo**  *o  th*t  *ddltlonal  *rror*  *t- 
tributabl*  to  ineonalotont  nschsnisn*  would  b*  *void*d.  Thus,  th*  straight- 
ooura*  data  wars  obtaiuad  with  th*  saas  dagr**  of  *oeuimoy  ••  th*  roteting- 
•r*  data. 

Th*  «xp*rln*nt*  war*  oondueted  *t  s*ro  b*al  *ngl*  by  restraining  th* 
torqu*  tub*  *nd  flexural  plat**  in  rolling  motion. 

A  strut  of  0,09  inch  plaosd  at  *n  *ngl*  20  d*gr***  to  th*  vertical  and 
at  a  dicta  no*  four  inch**  in  front  of  the  bow  (at  water  *urfao*)  wa*  u**d  m 
•  turbulence  stimulator  throughout  tb*  experimental  work. 

Oanaral  view*  of  th*  model  and  plat*  oonfiguration*  with  th*  t  wring 
apparatus  *ra  given  in  Pig.  A-2  and  A-3  in  Appendix  A. 
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TEST  FKKJHAM  Alt)  fWCEDDJB 

Tb.  apM-laittb  r«la,  VJT-  ,  »°  »H  •*  *  °*  °'8 

thrnuthrat  tba  lnaantlfatlon,  .Min  tb.  aapnrl^nt.  anr.  nnnduntad  »t  tb. 
followln*  t»w  anclMt 

f .  o°  fi  2°  u°  6°  ,  t  io°  ,t  Hi0 . 

Tb.  ratatlnp-.n.  t..t.  .am  run  vltb  .  32-foot  radian  of  turn.  Tb. 
nad.l  .«  at  a  d.alml  ja«  anjl.  and  at  .am  ba.l  .n«ln  throuiout  tb. 
•xparliae  ntation. 

Tb.  rotatin,-nm  prnnld..  for  T°™'  “,rt*  *“t" 

la,  aa  a  turtln,  aadal  at  anrlou.  radii,  ••  «•«  ”!»»>•  •”*  >“ 

Bonn aar,  la  tb.  prannat  lnn.atl,.tlon  oalj  tb.  »>bn.  pamlaalbl.  taXMa, 
aadla.  —  u.ad  baanaa.  an.  objaotla.  v.a  to  .ban  that  hydrod,™.ln  aaaf- 
flalanta  a.n  b.  obtaUnd  bp  aan.ld.rta,  .trnljbt-noura.  nation  aa  an  lntat- 
»dl.t.  b.tnann  a  brp  turn  ta  tb.  rt,ht  anl  a  larp,  tana  tb  •  la«- 
mw.  or  j»  .a«ia,  l.a.,  -Ul°  S  thrau«boat  -bla  Inr-tl,.- 

tion  1.  tb.  ran,.  a'  tb.  ll~ar  t-hartor  of  bjdaad^— la  nharactartatlno. 

In  thin  pan. anl  ontup,  too  Taman,  ana  nlnng  and  tb.  nthnr  pnrpnndln- 
aiar  to  tba  latitudinal  plana  af  ajinntrj  of  tbn  ablp,  aaaa  naa.arad  t~ 
pnthnr  with  tb.  yaaln,  wnanta. 
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FW3BNTATI0K  AMD  DISCUSSION  OF  DATA 
n,«  tMt  ruulU  obtained  from  thia  inrestirmtlon  in  presented  In 
TU.  1  to  22.*  These  results  ere  divided  into  two  part*,  on.  referring  to 
tha  model -e^f  configuration*  and  tha  othar  to  tha  flat-plata  experlmonts. 

For  ease  in  working  with  tha  data,  TAhle  I  llata  tha  information 
prlTan  in  aach  figure. 

TABLE  I 


nOORE  !;<FO»ttTtON 


Configuration 

Figure  No. 

Information 

Modal  with 

1  -  5 

T*  ,  M» 

1  1  various  akege 

6-10 

Compa  rlaon  of  rota  ting-are  daU  with 
atraight-oouraa  experiments 

11 

X* 

TT.  TTat-plata 

12-16 

T'  ,  H« 

111  configuration 

17-21 

Comparison  of  rot. ting -ara  daU  with 
atraight-couraa  axparli^anta 

22 

%• 

i  ♦  n 

23  -  2li 

V  and  N»  re.  p  at  r*  -  0 

i  ♦  ii 

25  -  26 

T*  and  M'  re.  8  at  r'  -  0.1875 

i  ♦  ii 

27 

Stability  ooaffioianta  and  hydrodynwalo 
ooaffioianta  va.  profila  area 

i  ♦  ii 

28  -  2? 

Oraphioal  compart aon  of  experimental 
lift  ooaffioianta  with  that  of  low  aa- 
paot  ratio  thaoriaa  for  various  ahlp 
and  plata  oonfigurationa 

i  ♦  n 

30 

Apparent  oantar  of  pressure  and  prooa- 
bla  true  oantar  of  preaaura 

♦  n 

31 

Ratio  of  experimental  lift  dariretire 
coafficiant  to  corresponding  coaffi  el- 
ant  of  tha  linear  low  arpact  ratio 
theory  re.  affaotire  aspect  ratio 

Tha  foroa  data  hare  baan  oorraotad  for  inartia  and  a  tret  foroa.  (8oa 
Ihblaa  IT  and  T  on  pages  22  to  29  )  ««a  yawing  momant  ooaffioianta  of  tha 

.models  ara  aa  measured  ainca  tha  point  of  attachmant  (tow  point)  of  tha  flex¬ 
ural  plata a  and  balanca  baan  was  vertically  in  line  with  tha  long! tod Inal 


“*  11  figures  ara  pastes  red  conn acuti rely  starting  on  paga  31 . 
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poeltion  of  the  Modal  C.  0.  Hoverer,  In  the  caee  of  the  flat-plat#  axparl>- 
■ante,  wbare  tba  tow  point  vae  not  In  ellgi#Mnt  with  tba  rartloal  llna 
through  tba  plate  C.O.  ,  a  oorractlon  had  to  ba  nade. 


Tha  following  general  fomulaa  ha ra  baan  uaad  for  tba  hydrodynamic 
coafflclantai 


■ksr 

fe*  * 

T 

"o'1  *  "l>  e.  , 

ipAT2 

fe*  * 

H 

"i'1  ♦  k’>  .. , 

JpALT^ 

JoAl  k 

(1) 

(2) 


X,T,W 


k.^kji 


tha  naaaurad  forcaa  (longll  dlnal  and  lataral)  and  yaw¬ 
ing  nonant,  ra spactlTaly , 

maea  of  tha  hull  configuration#.  N  la  kapt  oonatant  In 
tha  ease  of  tha  nodel-ekeg  configuration#, 
mao  a  of  tha  rarloua  pla  to  configuration#  aarlaa  froa 

configuration  to  configuration, 

longitudinal,  lataral  and  rotational  (about  t-axla)  ooef- 
flolant#  of  accaaalon  to  lnartla,  raapactlraly, 
p  -  mass  danalty  of  water,  1.937  eluga, 

P  ■  jaw  angla, 

R  -  radlua  of  turning  In  faat, 

A  ■  profile  araa  of  rarloua  configuration#  In  equera  faat, 

i  .  dlatanca  of  tha  C.O.  of  tha  aodel  froa  tha  tow  pointy  fa 

tha  praaant  caa#,  a  la  poaltlra  being  located  In  front 
of  tha  tow  point, 

T  “  eelocity,  fpa, 

L  -  length  of  configuration  In  feat, 

Tha  coefficient#  of  eoeeeaion  to  inertia  here  baan  conalderad  to  b# 

nplnlnt  to  the.  .I—  '07  ta.4  (p.-  155)  for  •  ppoUt.  .Ulp-M  .. 

a  function  of  tha  ratio  of  ainor  to  rnjor  exes.  In  thie  report  tha  aqulea- 
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Unt  font  1*  coo*ld*rod  to  b*«n  ><  It*  mjor  *xi*  th*  ohlp  Ungth  and  *• 

It*  «lnor  axia  twlo*  th*  dr* ft,  l.*.,  twlo*  th*  rolum*  of  th*  ou»»*ri*d 
part  of  th*  *hip  bull.  la  tb*  pitHnt  o*o*  th*  following  **lo**  w*r*  o**d« 
kx  -  0.02 
k?  -  0.96 
k*  -  O.M 

Tha  dat*  which  harr  b**n  corrected  (»••  T*bl*  I)  ar*  pr*a*nt*d  a* 
oo*fi  >«nt*  of 

1,  hydrodynamic  longitudinal  forca,  I' 
t.  hydrodynawlo  lataral  foro*,  T' 

3.  hydrodynamio  yawing  moi**nt,  W 

plottad  afalnat  7«w  angle,  f  .  (S*a  fig.  1  to  $  and  11  for  *hlp-ak*g  con¬ 
figure  tlotia  and  12  to  l6  and  22  for  th*  corr*apondlng  fUt  pUt*a.) 

By  oro*m~plotting  th*  rotatlng-*na  data,  th*  aUtlo  Utar*l  foro*  and 
moment  oo*ff Iolanta  at  r«  -  0  ar*  d*tmnainmd.  Th*  *tatic  and  define 
fore*  and  mammnt  darlratlrw*  YJ  ,  ,  Y£  ,  and  oan  b*  oo^mtad  by 

oroc*-plottln*  th*  data  at  r»  -  0  •  O  .  Th***  ar*  rwmnrli*d  In  Tabl*  n 

on  th*  following  paga. 

Th*  raault*  of  U:i  *t -aight-ooura*  experiment*  ar*  graphically  com¬ 
pared  In  Mg.  6  to  10  and  17  to  21  with  tho**  obtained  by  ort>**-p  lotting  th* 
rotating -ana  data.  Th#  *xo*ll*nt  agreement  ahown  (for  both  nodal  and  flat- 
pUt*  caaa*),  between  *trulght-cour»*  *xporlm*nU  ard  IntoivoUtlono  of  th* 
rota  ting-ana  experiment  a,  lead  a  to  th*  conclusion  that  atralght-come#  no¬ 
tion  can  bo  considered  a*  an  inUnadUta  b«tw**n  a  Urg*  torn  to  the  right 
and  a  Urge  turn  to  th*  left.  Thorafora,  tho  dorlrotlraa  of  th*  atatlo  hy¬ 
drodynamio  ooafflclanta  oan  b*  determined  equally  well  by  either  rotatlng- 
arn  or  otrmlght-couroo  experiment*. 
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TABLE  II 

HYDRCDTHAKIC  FORCE  A»  MOMCTT  DFRZTATCT2S 
AT  r'  “  p  ■  0 

Cui  5t«tio  Damping 

Derivative*  Derivative* 


Bara  Bull 

♦.226 

♦.156 

-.032 

-.Old* 

Hull  ♦ 

S.A. 

♦.337 

♦  ,0fl7 

♦.093 

-.070 

Hull  ♦ 

S.B. 

♦.203 

♦.135 

♦.031 

-.056 

Hull  ♦ 

S.  C. 

♦.239 

♦.ll»5 

♦.012 

-.0149 

Hull  ♦ 

S.D. 

♦.516 

♦  .261 

-.150 

-.060 

Plates  i 

i  P.H. 

♦.lil5 

♦.li9 

♦.037 

-.01*0 

P.A. 

♦.Wli 

♦.112 

♦.107 

-.056 

P.B. 

♦.150 

♦.129 

♦.072 

-.053 

P.C. 

♦.1*30 

♦.113 

♦.061* 

-.0142 

P.D. 

♦.630 

♦  .206 

-.027 

-.078 

The  results  of  an  attempt  to  oorrelata  tha  hydrodynamic)  baharlor  of 
tha  a  hip  modal  with  that  of  tha  flat  plata  having  tha  a  ana  prof  11a  am  and 
geometry  arm  shown  In  FI*.  .3  to  26,  vhera  tha  atatlo  and  dymmlo  ooaff Iol¬ 
anta  far  lateral  foroaa  and  yawing  momenta  ere  graphically  oompared.  It  my 
ba  noted  that  tha  tar  one  and  momenta  obtained  from  tha  flat-pleta  expert  - 
manta  have  tha  a  a  me  general  trend  aa  those  of  the  corresponding  model#,  with 
the  exception  that  tha  forces  show  considerable  deviation  in  magnitude.  Thie 
oen  be  explained  qualitatively,  et  laaat,  by  e  etudy  made  by  Crabtree7  who 
found  that  tha  praaaura  distribution  over  a  thin  plata  (laaa  than  12K  thicV- 
nasa  chord  ratio)  et  various  incidence*  shows  e  pronounced  suction  peak  near 
the  leading  edge  with  a  subaaquent  eteep  adverse  pressure  gradient.  This 
causes  laminar  boundary  layer  •  spa  ration,  sines  tha  particles  near  tha  re¬ 
gion  of  auction  peak  do  not  acquire  suffioient  energy  to  ormroomm  the  large 
pressure  gradient  and  tha  amis  ting  friction  losses  in  the  boundary  layer. 

The  site  end  fora  of  tha  separation  region  or  “bubble"  baa  a  considerable 
effect  on  tha  pressure  distribution  ■  r.1  hencs  on  tba  lateral  force. 

Tha  variation  of  tha  bubble  formation  with  thicknacs  ratio,  Inddsnoa 

7 

angls  and  local  Reynolds  number  has  been  oorrelated  with  tha  pressure  dls- 
tribtuion,  end  it  was  found  that  a  abort  bubble  has  very  littls  affect  on 
tha  pressure  distribution  aa  compared  to  the  long  bubble.  Furthermore,  ae 
tha  Reynold*  number  dsoreases  for  a  given  ineidencs  or  remain*  oonstant  for 
increasing  eng la  of  inoldencs,  the  length  of  tha  bubble  increases  and,  oon- 
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asquently,  the  pressure  distribution  is  effected  considerably.  It  1»  clear 
therefore,  that,  before  reaching  any  oonclueion  for  the  hydrodynamio  behar- 
lor  of  the  thin  plats,  a  detailed  investigation  must  be  undertaken  to  study 
experimentally  the  lateral  force  variation  with  the  Reynolds  number,  «-«le 
of  attack  end  geometry  of  tha  leading  edge. 

The  attractiveness  of  the  idee  of  hydrodynamic  similarity  between  flat 
plates  and  surface  ships  of  the  same  profile  area  led  to  the  investigation 
of  the  degree  of  applicability  of  such  en  analogy  to  tha  more  practical  pro¬ 
blem  of  estimating  ths  dynamlo  stability  of  a  hull  using  only  flat-plate 
data.  An  analysis  of  dynamic  stability  of  tha  various  hull  configuration 
was  therefore  conducted,  and  stability  indices  were  compared  with  thoaa  ob¬ 
tained  by  using  the  mass  coefficients  of  the  ship  and  the  corresponding  hy¬ 
drodynamic  coefficients  of  the  plates. 

Results  of  this  analysis  are  presented  in  Table  IT  I  on  ths  following 
page  and  in  Pig,  27  where  the  stability  indloss  and  static  and  dynamic  de¬ 
rivative  coefficients  are  plotted  versus  the  corresponding  profile  area. 

Onf oxtuna tsly  this  comparleon  shows  that  immediate  pmctlcal  use  of  this 
analogy  is  not  possibla  as  long  as  the  lateral  force  on  the  plate  behaves 
so  capriciously  compared  to  the  lateral  fores  sxsrted  on  the  surface  ship. 

The  dynamic  stability  indices  for  various  hull  end  plats  configura¬ 
tions  have  bean  calculated  from  the  stability  equation  given  by  Devidson 
and  Schiff^"  by  means  of 

„  .  [-;ts  -w]  x  t« 

1,8 

who  re  all  the  symbols  are  according  to  the  nomenclature  adopted  by  the  So¬ 
ls  ty  of  Naval  Architects  and  Marine  Engineers. 

Table  III  presents  ths  mass  (i»£  ,  and  lnsrtial  (n^)  coeffi¬ 

cients  of  the  various  configurations  together  with  ths  stability  indices. 

In  the  non-dlinensiona lieing  process  far  the  mass  coefficients  ,  mj 
and  inertia  coefficient  n^  ,  ths  quantities  $p  AL  and  AL^  were  re- 
Opsctively  used.  Furthermore,  the  moment  of  inertia  of  the  hull  about  ths 
■-axis  is  computed  by  means  of  ths  following  expression! 


Mo*2  ' 


(5) 
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Mh«r*  M  •  m««  of  tha  hull  configuration, 
o 

K  -  radiue  of  gyration, 

L  -  load  watarlina  length. 

TABU  III 


STABILITT  IHDICES 


Maao  and  Inertia  Stability  Indlcee 
Coefflclenta  of  Hull  Mass  and  Hydrodynjwic 
Conf  lgura  tlone  P 


Configure tlona 


Stability  Indlcaa  - 
(tees  Coafflclanta 
Of  Ship  Configuration 
And  HydrodynandO 
Coeff Iolanta  of  Plata a 


Bara  Hull 
Hull  ♦  3.*. 
Hull  +  3.B. 
Hull  +  S.C. 
Hull  *  S.D, 


.1723  .330U  .01987 
.U79  .2836  .01705 
.l60li  .3075  .01819 
.1652  .3167  .01905 
.1602  .3075  .018U7 


♦  .997 
-  .907 

♦  .207 

♦  .502 

♦1.02b 


-3. 876 
-b. 382 


-3.823 

-7.06b 


♦  .1196  -3.387 

-1.261  -3.79b 

-  .5614  -3.809 

-  .H166  -3.378 

-  .3392  -5.995 


It  1.  erident  th.t  .11  .hlp-.k.g  configuration.  .ra  «".tabl.  «-* 
ora  via  th.  target  ■*>*.  1....  5-».  **“  lw»ta.tld  «»,  »>»" 

...  .nd  lmrtl.  crafflcl.nt.  of  .hlp-.k.g  *“'*‘h* 

,1th  th.  hpdrodyn.nl.  co.fflcl.nt.  of  th.  corra.pondlng  pUta.,  .hra.  "»*- 
tint,  for  .11  configuration..  HU.,  0 1  corn.,  1.  "ot  mrprl.lng  «lm»,  •• 
f.  be ,n  mentioned  Mora,  th.  .tail.  .nd  djranlc  d.rlratlT.  oo.fflcl.nt.  o 
th.  Inter.!  fore  on  th.  put..  .»  oon.ld.rabl,  gra.tar  th.n  thora  of  th. 
com. ponding  hull  configuration.,  {Sra  Fig.  27) 

In  th.  final  otap  of  thlo  lora.tlg.tlon,  corrotatlon  of  th.  ««1- 
„U1  rooulta  .1th  th.  .dating  lo.  ..pet  raUo  -log  theerta.  »■  undm 
taken  ..  ..Other  t..t  of  th.  ..licit,  of  th.  h^rodjranlc  —log,  fUraon 
ahlp  hullo  and  fUt  plataa. 


Th.  ccmp.rleon  1.  lWW  to  th.  follralng  Uimlm  -t  th.  low  .op>ot 
ratio  theorioe  giwn  by  fOax  and  Uuronca  . 


2p2  (6) 

J.6f2  <7) 

f!  (« 

B.ra  th.  linear  t.ra,  1.  ld.ntlral  In  .11  c»,  •"»>,«.  th.  f.dratlo  tan 
rarlou.  considerably  depending  upon  th.  ...unptlon  rad.  .nd  -  In  ra.t  In- 


Weinigi 
Scholl 1 
Flax-Laurance  1 


Cj^  -  n/2  m 
CL  *  n/2  * 
C,  »  a/2  * 
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*t*nc«  -  up®"  «*•  -xp*rl—nt.  takm  into  oon.idor.tl on-  Sobol*  th.t 

hi.  .nplrlcol  cult  1.  act U  opplloMU  to  flat  pl.t-  of  lo.  -P-t  ratio, 
sp.  rUk-U«r.nc.8  fomuU  1.  -lid  for  K  S  0.5,  .bare  th.  oroo.-flo.  dr- 
coefficient  lo  token  to  bo  unity.  It  mint  oloo  be  kept  In  olrd  that  -Jo  ohopo 
of  tbo  loading  edge  lo  of  utmost  1—ort.no.  lo  selecting  tbo  poodrotlo  toro, 
.loco  tbo  forme ti on  of  tbo  bubble  end  lto  ortoot  lo  gr— tly  offoctod  by  tbo 
geometric  oomiltlon  of  the  Uoding  odgo.  In  tbo  proooot  lm.otlg.tlon  the 
rouiulod  tip  edge  lo  oonoldormd  lo  conformity  vltb  tbo  model  oonflfurmtloe. 

In  ottompt  to  corrolotu  tbo  oxp.rl— nt.l  rooulto  ultb  the  ooml-emplrl- 
col  formulo  ou« rooted  ty  Whicker  end  Pohloorsl  .ho-d  o  coneldereble  dl.crmp- 
oocy  duo  to  tbo  foot  thet  the  nom-lln— r  effect  one  grootly  ex.gfm— tod  by 
tbo  preoence  of  tbo  oopoot  rutlo  In  tbo  donomlnotor.  Promrmobly  the  outbade 
Introduced  tbolr  formula  on  tbo  .eruption  thot  th.  oopoot  rotlo  ohould  b. 
g  roe  tor  then  unity,  .  foot  uhl*  lo  "lid  for  oontrol  oufaMO. 

Ih.  rr.pblc.1  oomporloon  dlopUymi  lo  rtf.  *»  f»r  tbo  lift  coofflol- 
ont  Obou.  thot  th.  yiex-t.vr.no.  .xpro.olor  lx  In  b.ttxr  agr— nt  vltb  th. 
experiment.  comluctod  vlth  th.  hull-ok.g  configuration,  «her~s  tbo  Scbolx 
oxprooalon  lo  In  bettor  ofr.om.nt  ulth  th.  corcpcodln,  fUt-pUW  .Xpert- 
nante. 

Another  feet  of  thlo  corrolxtlon  to  thot  o.pOO»  rmtlo  -Marten  do., 
not  explain  tbo  Increment  of  lift  coefficient  dorolopo-  on  th.  hull-.k.f 
oonflfurotlon  oror  tbo  —  -hull  cm...  Although  tbo  xurUtloo  of  -port 
rotlo  doom  not  actually  produce  *n  opprool.bU  -nation  In  tbo  lift  com¬ 
ponent  of  tbo  -rtou.  pUt.  co nflru ration.  Hg-  «>.  ln  ‘ho  o...  of 

th.  hull-o keg  configuration*  th.  «  ..poet  ratio  Torl.tlon  gl-"  rlxo  to 
.  con.ldar.bla  lncimaoa  In  th.  corro.pondlng  lift  coofflclonto.  Th.  oxaf- 
goratod  offct  of  tbo  ..poet  ratio  In  th.  bull-okog  oonflfurotlon  -y  b. 
attributed  to  tbo  hull-okof  InUrf.ronc.  effect.,  ahlcb  ore  hollered  to 
dope  ml  otrongly  upon  th.  fulln...  of  tbo  ohlp.  It  1.  thoufor.  pUuolbl. 
to  conclude  that  tb.  hear  aff.ot  (fulln...  of  tbo  ohlp)  U  -Inly  ro.ponxl- 
blo  for  tb.  off. ctlT.no. o  of  tb.  okog.  olnc.  th.  tvo  other  ohlp  cler.ot.rt.- 
tics,  —  ly  draft  .ml  l.ngth,  boro  .lrmady  born  taken  Into  ..count,  .nd 
momo— r,  .Inc.  th.  .ddltlon  of  tb.  s—  ok..  to  tb.  ca.lc  pUU  did 

not  (a.  oxpoctad )  lncrm...  tb.  lift  by  ony  eoart-bla  —cunt.  Before  -k- 
l„g  ...  of  tb.  lo.  ..poet  rotlo  thoorlor,  It  .—  of  par- cunt  lmportonc. 
to  .tt.mpt  to  Incorporate  th.  b-m  off.ct  1»  th.  mcp—lon.  of  tb...  lo. 
aspect  win*  theories. 


*, rth.non.,  It  U  ~n  f™  ««•  »  “»  U"*‘r  l0“  *’P*rt  ~*l° 

theory  1.  in  .«~—t  only  1th  th.  b.r.-hull  —  —1 
„  .  .  0  .  In  Fig.  }1  th.  n*tio  h  of  th.  .“C  1  th.  ^nl^nt.l  lift 
cfflcl.nl  curr.  to  th.  corr.ap.11ng  .1C  1  «•  *«“*  ' l“”T 

1.  pl.tt.d  in  un»  of  th.  .ap.ct  -11.,  *  -  »’/*  •  th.  * 

man.  of  th.  l..at-nou.r.  nathl  show  th.t  Ih.  oo.ffloi.nt  h  ^ 

.Uh  th.  Wct  -tin,  *  ,.11“  it.  .f  Oh.*.  1.  hoc  pronounced  In 

th.  hull  conflgun.tlon  tin  In  th.  fUt-fUt.  cc.  Ihrth.mo-,  It  «. 
nntlol  tit  th.  -M  k  ~  3  fnn  *»•  P“t.  A  CO..,  »hlch  cctu.ll,  oorr..- 
pond.  to  .  loUngl. ,  1.  cry  nil"  If  t"””1  r*”'“U*  f"  *  * 
pant  rntlo.  <d~  Fit.  *  of  Fli-Icr.no.9>  Ihi.  fit  Indlc.f.  tit  .1 
..olid  U.11"  nathod  cployl  in  th.  proannt  -ork  In  .counting  for  th.  fr..- 
cf.o.  affaot  1.  Oor—Ot,  .1  p—chly  -ell..  (tor  1- 
thl.  aff.nl  ..  1  attrlhut.hl.  f.Ctor  to  th.  ob..r-d  delation  b.t«.n  pU 
.1  oorraapoling  hull  nonflr-Uonn.  Fron  th.  pl-lou.  dlclon  It  1. 
axpaotnd  th.t  k  ahould  not  only  to  •  funntlnn  of  *  »ut  .1.0  .  function 
of  th.  fulln.no  of  tho  .hip  hull.  OnfcrtuitalT,  no  en.lu.lon.  or  .t  X..t 
Indication,  could  h.  d-uo  fro.  th.  .HUhl.  ~t  of  .xp.rlint.  Inc.  only 

t«o  .....  ulth  — rl.hla  he  -tin.  !*A  ~  °  "1  '>•>*«  "" 

An  .tt«pt  -.d.  .1.0  .t  corfcl.ting  th.  naaaurl  .cnt  coatflol- 
ulth  tbaory.  FU*  .1  In-rone.',  iplrlcl-th.or.tlc.1  for-O.  for  lift 
oofflclaut  ...  oumpllod  hy  th.  distune.  of  th.  c.nt.r  of  prcur. 

fr..  th.  c.o. ,  i...,  »•'  *ui™d  w  **  tt. 

tally  ottolnl  »1  h,  hj,  ,  I-.-,  th.  et  co.fflol.nt  d»rlctl-  hy  th. 
lift  -cfflcl.nl  5.ri-«y.  Ih.  dC/dC,  dsrivl  In  thl.  enn.r  U-.  fold 
to  h.  Wndnhh  oonatant  o-r  th.  y»  .n8l.  -ng.  for  ...h  configure  -n 
cod.  (Sc.  Fig.  30)  Ih.  ccnp.rl.cn  of  .xp.rin.nUl  id  th.or.tlc.1  0  . 

glen  on  FI*-  ‘9  Tot  th.  bur.  hull,  hull  plu.  »kog  A  .nd  flat  |hUI  H  .nd 
"A"  (using  th.  Schol.  Uft  focail*  for  th.  plaU.)- 

ft.  .pp— nt  entor  of  peer.,  of  hour..,  dl.tog.rd.  th.  .xl.tic. 

Of  .  pur.  coupl.  ..tint  on  .  hody.  A  ynlng  coupl.  would  1  on  th.  hody  in 
.„  ideal  fluid  in  th.  .b..nco  of  l.tar.1  fore,  fcllulnf  tc  .tapllfll 
fie  thnory  of  hunk10  .1  Alhrln*U  th.  noent  oo.fflcl.nt  could  to  .xpr...cd 


, -  y ' *  T?  <5 


*  » 


(?) 


irtjar*  l£A  la  the  deetabilialn*  MMnt  coefficient  derivative  in  en  Ideal 
fluid,  (n/2  M  p)  equal#  in  the  linear  low  eepeot  ratio  theory,  end 
/p  la  the  dletanoe  fro*  the  true  neuter  of  preeeur*  to  the  C.O.  Ihe  lower 
pert  of  fig.  30  in  a  plot  of  experimental  Hi  versue  T i  at  fi  -  0  ,  fit- 
tint  the  theoretical  linear  equation  (aee  Hunk10  end  Albrii*11), 

(10) 


V?1* 


to  the  data  pointo  glvae  an  indication  of  both  the  ideal  moment  ret*  H*  , 
the  ordinate  intercept,  end  the  actual  center  of  pressure  poeltion,  1 
*pA  »  the  elope  of  the  line.  The  value  a  thus  obtained  ere  aubatituted  in 
Eq.  9  and  tha  monant  coefflolenta,  according  to  thin  foregolr*  a  imp  Ilf  lad 
flow  theory,  are  plotted  in  Pig.  29  with  the  other  experimental  and  theoreti¬ 
cal  moment  coefficienta. 


It  ia  evident  thet  the  combination  of  the  Flax-tawrenc*  formula  with 
tha  apparent  location  of  tha  canter  preeeure  (obtained  from  tha  experlmanta 
by  maana  of  dC^/dt^)  give  a  aatlafactory  reeulte  whan  compared  with  thoee 
obtained  by  experiment a  with  the  verioue  model  coof iguretione.  In  addition, 
Schola i  formula  multiplied  by  the  location  nf  tha  apparent  center  of  prea¬ 
aure,  dC^d^  ,  describee  cloaaly  the  plate  oonfiguretione.  If,  howevar, 
more  realietio  procedure  (aimpllfied  flow  thaory)  la  uaed  for  tha  determina¬ 
tion  of  tha  location  of  tha  center  of  preeeure,  then  the  linear  loe  expect 
ratio  expreaaion  well  repreeent*  the  bare-bull  oaee  and  fairly  wall  tha 
plate -hull  case. 
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CONanDIKQ  WttWS  iKD  «C0*«NMTI0*3 

o.  tto  to.i.  of  «.  for..*-.  .«»»  «*•  *•“«*«  b~*a  ' 


b«  r**oh*d« 


1.  Bntlr.lr  r.U.bU  .t.tl. 

atralfht-couree  notion  can  bo  obtained  Trtm  roi,wn« 

•  r*  data. 

2.  m,  .lnlUrttj  of  r..«lf  obt.i~d  ‘T .uU^Stta' 

n.f  tn  t h.  malory  of  surface  ship*  to  low  aspeet 
”» 'SrtlonUr,  -JtoTttoJ*  Jto 
riTnamio  beharior  of  surface  .hipe  and  flat  P1*™* 

SSftiitS;  ywinf  —t.  *™,i" 

both  in  general  trend  and  in  magnitude,  wher***  th* 
5£4l  *0.  .«r..n.nt  In  tr.nd  tot  oonrtd.r- 

able  donation  in  magnitude. 

,  o».M litT  analyo*#  beeed  on  th*  oo*ffici*nt*  of  th* 

Sate ffSS5SS^£M5 

3K32  «  Utis  o?T.  Jgujyy 

mrlbit.bl.  to  th.  Uainir  boundary  separation 

th.  displacement  thickn**.),  of  th*  inoid*nc.  «n*_  , 
■nd  of  th.  leadinr;  *<Jf*  g. on. try. 

1.  Th*  comparison  of  th*  experimental  result#  for  th* 

U*  lift  coefficient  vith  «wll«Wa  low  «*p.ct  J«tlo 
wing  theorise  i*  .noth*r  indication  of  th.  .xi«tlng 
analogy  betw*«n  surf.ee  .hip*  «nd  a.rofoil.  of  1» 
aspect  ratio.  Th*  Flex-Lavrenc.  J? £ 

better  agreement  vith  th*  surf.c*  ship  ""*r* 

non-linaar  terms  are  not  ao  pronounce,  wh.rv.eth* 
Schola  exp  re  cion  i.  in  b*tt.r  agreement  vith  th* 
flat -pl»ta  data. 

fc«s£^ffgs|r 

2.  %  f  •  1‘  ln“*  -‘^.rnoodof..™. 

wiitt’”on0^r“«:i' '  *"'.n.t  to^S  X  or- 

d*? taring  tto  linear  theory  into  agreement  vith 
experimental  result*. 

*•  Kars  srssrs  stfs  s 
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other  ooaiblned  with  the  epparart  location  of  th»  con- 
tor  pntmt  (d<VdCL)  giro,  setiaf.ct  ory  vaults 
ocmpared  with  the  model  end  plot#  cnnf  iguratlone,  re- 
spaotiYaly.  If,  however,  •  aor*  -aalistlo  procedure, 

,  eiiaplifled  flew  ''.eo.y  (fuliu  in  the  linear  re¬ 
gion  only),  la  used  for  tha  location  of  the  oenter  of 
preeaure,  tha  low  aapact  r.vtlo  »i>«  arpraealon  veil 
rap  rose  nta  tha  Lare-hull  oa-e  ...id  fairly  *J1  tha  pUta- 
hull  case. 

7.  The  failure  of  aspect  ratio  rarlstion  to  account  for 
thu  observed  variation  In  lift  coefficient  from  tha 
bare -hull  configuration  to  tha  hull-ekeg  combination 
is  an  Important  drawback  to  the  use  of  current  theo¬ 
retical  anal  >'  Any  approach  based  on  lew  aspect 
ratio  le  or  irir*ted  use  when  the  hull-skeg  interfer¬ 
ence  affect  lo  not  taken  Into  account,  dpecif Ically, 

It  le  be  lie  rad  that  tha  fullness  of  a  ship  form  should 
be  incorporated  in  expressions  of  low  aspect  ratio 
wine  theories,  ao  as  to  bring  the  aerodynamio  analogy 
into  better  agreement  with  experimentel  results  ob¬ 
tained  on  ship  forma. 

0.  "he  agreement  between  the  experimental  “"d 

obtaliod  In  *  Wind  tum.l  lndlcto.  th.t  th. 
effect  is  well  eooount-ed  for  by  the  "eolid  wall  method 
.od,  th.tmfor.,  ouch  .n  .mot  1.  wcludxl  ..  .  PM.1- 
ble  factor  which  contributed  to  the  observed  dlscre- 
psnclee  between  Oat  plates  and  hull  configurations. 

The  effect  of  fullness  and  beam-length  ratio  on  tha  hydrodynamic  ooef- 
riclonta  require.  .  w.tmntlc  etudy,  p.rUcol.rly  In  TOr-rd  to  th.  .mot  or 
■dding  .tag..  Hi"  .ddlttonal  for...  «nd  moment.  produood  by  th.  hullvhon 
,k.g.  .n  ndded  must  b.  ii.lhtrf  tj  m...uring  tb.  fore..  *nd  mo~nt>  on  th. 
skeg  and  hull  separately. 

Mor.  8p.ciTlc.lljr  It  1.  roo.mm.md.a  th.t  .xp.rlm.nt.1  work  .lmllu-  to 
th.t  of  th.  pr.s.nt  iny.atigatlon  bo  ond.rMk.n  u.ing  .  Mb  •>’  to™  °* 
pro. run.  1’e lj  lncm.lng  b..m-longth  ratio.,.  Ih.  tlret  m.mh.n  could  h.  . 
pint,  of  th.  .am.  pr.ru.  ..  .11  othor  mtfc.r.  or  th.  family.  lb.  U.t  n»m- 
b.r  .held  b.  •  form  similar  to  .  5.rl.n  60  d.eign.  lh.  .mctlm.....  .r 
adding  •  slngls  akeg  to  ~ch  rmmb.r  could  n.xt  b.  d.t.m,ln.d  by  «W.r.f  d.- 
termination  of  skeg  and  hull  forces  and  momenta. 

Furthermore ,  th.  Umlnr  «.fr.Uon  -hubbl."  n~r  th.  l».dlng  edge  of 
th.  thin  form,  .hould  b.  etudiad  .kp.rta.nt.lly  Tor  moderate  "lu.e  of  incl- 
d.nc  to  d.yelop  m«.nn  o C  promoting  th.  »pp..r.no.  o f  such  ..n..  of  ««p.r.- 
tlon.  IF  thin  could  b.  ..oompU.h^  It  1.  .ntloip.tod  th.t  th.  TUt-pUto 
analogy  weuld  be  enhanced. 


Analytical  study  within  tha  fra— work  of  tbs  l»f  aapoot  ratio  thaory 
ahould  bo  undartakan,  alnoa  tba  praaaot  invaatifation  boo  ahowi  iho  validity 
of  tba  analogy  of  ah  ip  hull*  and  wlnga  of  low  aapoct  ratio. 
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TABLE  IV 


TABULATION  OF  MEASURED  AND  CORRECTED  RESULTS 
FOR  LONGITUDINAL,  LATERAL  FORCES 
AND  YAWING  VO t* NTS 


MoeUl 

Ear*  Hull 


Turning  Radius  R  “  32  fe*t 

Measured  Corrected 


f°  Spaad.V,  X-Forc*  Y-Force 

fpa  lbs.  lb*. 

0  3. .6  -.2613  -.7101 

2  3.2j  -.2712  -.5976 

4  3.34  -.3415  -.5334 

6  3.22  -.3636  -.3895 

10  3.29  -.*339  -.1277 

14  3.29  -.5226  ♦.2781 

-  2  3.32  -.2656  -.8772 

-  4  3.23  -.2096  -1.002 

-  6  3.26  -.2094  -1.216 

-10  3.29  -.1634  -1.850 

-14  3.32  -.0838  -2.560 

-14  3.29  -.0985  -2.598 


N- tenant  X-Fore*  Y-Forc*  N- tenant 
lb. ft.  lbs.  lb*.  lb. ft. 

-.8695  -.2615  -.0978  -.7749 

-.2670  -.2347  ♦.0031  -.1742 

♦.2232  -.2634  ♦.1083  *.3225 

♦.66B7  -.2499  ♦.2305  *.7650 

♦1.694  -.2445  ♦ .4880  *1.791 

♦3.077  -.2597  ♦.8862  *3.174 

-1.472  -.2336  -.2424  -1.374 

-2.008  -.2827  -.4026  -1.915 

-2.766  -.3210  -.6070  -2.671 

-4.687  -.3527  -1.235  -4.591 

-6. 875  -.3515  -1.941  -6.777 

-6.761  -.3614  -1.990  -6.665 


Hull*Sk*g  A  0  3.38 

0  3.29 

2  3.26 

4  3.26 

6  3.29 

8  3.26 

10  3.29 

12  3.29 

14  3.29 

-  2  3.29 

-  4  3.32 

-  6  3.26 

-10  3.26 

-12  3.29 

-14  3.26 

-14  3.29 


-.2793  -.3500  -1.664 
-.2878  -.3268  -1.558 
-.3146  -.1265  -1.242 
-.3455  *.1743  -1.157 
-.3928  *.5345  -1.217 
-.3912  *.9142  -1.191 
-.4761  *1.342  -1.218 
-.4718  *1.785  -1.201 
-.5442  *2.315  -1.078 
-.2380  -.4966  -2.153 
-.1934  -.8485  -2.634 
-.1664  -1.127  -3.146 
-.1254  -1.882  -4.465 
-.1353  -2.391  -5.345 
-.0670  -2.870  -6.059 
-.1028  -2.954  -6.265 


-.2793  +.3067  -1.563 

-.2878  +.2965  -1.462 

-.2774  +.4858  -1.147 

-.2711  *.7856  -1.064 

-.2792  *1.154  -1.121 

-.2424  *1.521  -1.096 

-.2867  *1.957  -1.122 

-.2456  *2.396  -1.105 

-.2813  *2.924  -.9814 

-.2759  +.1266  -2.057 

-.2711  -.2149  -2.536 

-.2774  -.5177  -3.052 

-.3125  -1.277  -4.370 

-.3614  -1.779  -5.249 

-.3263  -2.273  -5.964 

-.3657  -2.346  -6.168 


Hull*Sk*g  B  O  3.32 

2  3.32 

4  3.29 

6  3.29 

10  3.32 

14  3.29 

-  2  3.32 

-  4  3.26 

-  6  3.32 

-10  3.29 

-14  3.32 


-.2513  -.5334  -1.223 
-.2336  -.3802  -.8100 
-.2607  -.1612  -.3798 
-.2873  +.0801  -.1796 
-.3956  *.6656  +.3394 
-.4187  *1.397  *1.019 
-.2116  -.6910  -1.862 
-.1668  -.8961  -2.196 
-.1840  -1.300  -3.108 
-.1353  -1.991  -4.512 
-.0804  -2.909  -6.392 


-.2513  +.1014  -1.125 

-.1951  +.2546  -.7119 

-.1850  +.4609  -.2835 

-.1742  ».7001  -.0833 

-.202B  *1.293  +.4375 

-.1547  *2.005  *1.116 

-.2502  -.0562  -1.764 

-.2393  -.3004  -2.104 

-.2997  -.6689  -3.010 

-.3246  -1.375  -4.416 

-.3493  -2.290  -6.294 


I 

II 
H 


I 
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TABLE  IV 
OONT INUED 


Modal  p°  Spaad.V, 

fp* 

Hull*Skag  C  0  3.32 

2  3.35 

4  3.32 

6  3.29 

6  3.35 

10  3.35 

14  3.29 

-  2  3.26 

-  4  3.29 

-  6  3.29 

-10  3.29 

-14  3.23 


Maas  or ed 

X- For  ca  Y-Forca  N-Moroant 
lba.  lbs.  lb.ft. 

-.2502  -.5962  -1.041 

-.2735  -.4708  -.4809 

-.2281  -.2931  -.1598 

-.2878  -.0066  *.1396 

-.2825  -.1199  *.1199 

-.3643  *.3924  *.8800 

-.4458  *1.904  *1.742 

-.1658  -.6973  -1.648 

-.1710  -.9907  -2.218 

-.1396  -1.202  -2.906 

-.0995  -1.969  -4.631 

-.0719  -2.740  -6.28 » 


Correctad 

X-Forca  Y-Forca  N-Mo»ant 
lba.  lbs.  lb.ft. 

-.2502  *.0386  -.9433 

-.2343  *.1749  -.3811 

-.1521  *.3405  -.0617 

-.1742  *.5334  *.2359 

-.1682  *.5224  *.2197 

-.1682  *1.030  *.9798 

-.1018  *2.512  *1.630 

-.2030  -.0850  -1.553 

-.2467  -.3765  -2.122 

-.2532  -.6622  -2.890 

-.2078  -1.354  -4.535 

-.3261  -2.155  -6.191 


Hull*Skag  D 


6 

10 

14 


-  6 
-10 
-14 


3.29 

3.29 

3.32 

3.23 

3.32 

3.32 

3.29 

3.29 

3.32 

3.35 

3.32 

3.29 


-.2251  -1.136  -1.655 

-.2597  -.7023  -.6600 

-.2402  -.5235  *.1500 

-.2553  -.2709  *.8388 

-.3295  *.3350  *2.711 

-.3582  *1.378  *5.312 

-.1872  -1.439  -2.600 

-.1363  -1.904  -4.133 

-.1719  -1.973  -4.199 

-.1906  -2.477  -5.527 

-.1333  -3.526  -8.541 

-.1125  -4.609  -11.74 


-.2251  -.5129  -1.559 

-.2251  -.1591  -.5637 

-.1697  *.1102  *.2579 

-.1553  *.3261  *.9315 

-.1532  *.9620  *2.009 

-.1124  *1.997  *5.410 

-.2218  -.0158  -2.598 

-.2056  -1.282  -4.037 

-.2424  -1.339  -4.101 

-.2982  -1.835  -5.428 

-  .3097  -2.899  -8.442 

-.3538  -4.001  -11.64 


Plata  "H”  0  3.32 

2  3.32 

4  3.32 

6  3.29 

10  3.29 

12  3.29 

14  3.32 

-  2  3.32 

-  4  3.29 

-  6  3.29 

-10  3.32 

-14  3.32 


-.0551  -.0981  -.8485 

-.0452  *.1058  -.4507 

-.0496  *.4121  -.1895 

-.0801  *.7769  *.0995 

-.0595  *1.910  *1.082 

-.1298  *2.424  *1.872 

-.1444  *3.306  *2.755 

-.0397  -.4077  -1.532 

-.0444  -.7466  -2.175 

-.0206  -1.244  -3.224 

-.0353  -2.457  -5.179 

-.0562  -3.934  -7.163 


.0551  -  .1135  -.7152 

.0353  *.3174  -.3174 

.0242  *.6237  -.0562 

.0490  *.9835  *.2305 

.0007  *2.023  *1.213 

.0692  *2*629  *2.003 

.0672  *3,514  *2.887 

.0496  -.1962  -1.396 

.0602  -.5388  -2.044 

.0498  -1.038  -3.093 

.0860  -2.248  -5.046 

.1278  -3.726  7.031 


Plata 


"A" 


3.29 

3.29 

3.29 

3.29 

3.32 

3.32 

3.26 


-.1104 

-.0595 

-.1050 

-.0595 

-.1245 

-.1201 

-.1052 


♦.1645 
♦.4350 
♦  .8364 
♦1.369 
♦2.788 
*3.438 
♦3.859 


-1.353 

-1.093 

-.9835 

-.9522 

-.5257 

♦.1047 

*.5528 


-.1104 

-.0487 

-.0001 

-.0281 

-.0716 

-.0560 

-.0290 


♦.3765 

♦.6470 

♦1.047 

♦1.584 

♦3.002 

*3.652 

♦4.063 


-1.232 
-.9727 
-.8634 
-.8321 
-.4033 
♦  .2270 
*.6697 


R-TliO 

-21*- 


Modal 

Plata  "A" 


Plata 


"C" 


Plata 


"D" 


’ABLE  IV 
CONTINUED 


Spaed, V, 

t  P* 

3.29 

3.36 

3.29 

3.29 

3.29 

3.29 

3.34 

3.32 

3.15 

3.32 

3.32 


Meaaurad 

X-Forca  Y-Forca  N-Moment 
lba.  lba.  lb.ft. 


-.0649  -.1694 

-.0846  -.6565 

-.0595  -1.114 
-.0454  -1.639 

-.0747  -1.937 

-.0649  -2.251 
-.0747  -2.252 

-.0937  -2.413 

-.0500 
-.0595 
-.0551 


-2.920 

•4.133 

•4.133 


Corrsctad 

X-Forca  Y-Forca  N- Moment 
lbs.  lba.  lb. ft. 


-2.099 

-2.949 

-3.452 

-4.177 

-4.642 

-5.280 

-5.765 

-5.620 

-5.600 

-6.645 

-6.667 


•  .0757 
-.1107 
-.0698 
-.0676 


♦  .0227 
-.4362 
-.9013 
-1.428 
1212  -1.726 

1156  -2.041 
2.036 
■2.200 
2.726 
-3.920 


-.1271 

-.1455 

-.1060 

-.1212 


-.1278  -3.920 


-1.979 

-2.824 

-3.331 

-4.056 

-4.522 

-5.160 

-5.641 

-5.498 

-5.669 

-6.524 

-6.546 


-  2 

-  4 

-  6 


3.29 

3.23 

3.29 

3.32 

3.32 

3.29 

3.32 

3.32 

3.32 

3.32 

3.32 

3.32 

3.29 


-.0898  *.0249  -1.169 
-.0855  *.2668  -.6988 
-.0400  *.6706  -.6384 
-.0595  *.6832  -.6061 
-.0595  *1.102  -.4507 
-.0896  *2.164  *.4691 
-.1003  *  2.226  ♦.3802 
-.1047  *3.758  *1.741 
-.0353  -.2942  -1.796 
-.0694  -.8375  -2.645 
-.0595  -1.311  -3.449 
-.0694  -2.535  -5.455 
-.0703  -4.056  -7.899 


-.0896  *.2337  -1.041 
-.0751  *.4881  -.5757 
-.0151  *.8797  -.5118 
-.0342  ♦.8959  -.4761 
-.0287  *1.315  -.3207 
-.0357  *2.372  *.6157 
-.0474  *2.438  +.5091 
-.0276  *3.967  +1.870 
-.0309  -.0815  -1.730 
-.0948  -.6248  -2.515 
-.0904  -1.099  -3.318 
-.1212  -2.323  -5.326 
-.1407  -3.852  -7.772 


-14 

-14 


3.32 

3.32 

3.29 

3.32 

3.32 

3.32 

3.29 

3.26 

3.29 

3.29 

3.J2 

3.29 

3.26 


-.0804  -.0165 

-.0452  *.2215 

-.0400  *.5259 

-.0253  +1.014 

-.0452  *2.226 

-.0551  *3.626 

-.0400  -.3192 

-.0404  -.7898 

-.0303  -1.336 
-.0454  -2.424 

-.0595  -2.562 

-.0303  -3.804 
-.0446  -3.976 


-.9312  -.0804 
-.5301  -.0353 
-.3603  -.0151 
-.1906  +.0055 
♦.7648  ♦.0066 
•2.204  *.0220 
-1.612  -.0498 
-2.392  -.0648 
-3.246  -.0595 
-5.334  -.0952 
-5.444  -.1102 
-6.605  • .0995 
-7.111  -.1137 


♦.1962  -.8001 

♦  .4342  -.3989 

♦  .734  7  -.2315 

♦1.225  -.0595 

♦2.437  *.8959 

♦3.835  +2.334 

-.1104  -1.483 

-.5847  -2.265 

-1.129  -3.117 

-2.217  -5.206 

-2.345  -5.313 

-3.787  -6.537 

-3.774  -6.986 


3.29 

3.30 
3.30 
3.30 


-.0151 

-.0195 

-.0803 

-.0996 


-.2867 
-.2951 
♦.0488 
•  .3895 


-1.645 

-1.714 

-1.172 

-.3396 


-.0151 

-.0195 

-.0694 

-.0749 


-.0768 

-.0846 

*.2593 

♦.6000 


-1.507 

-1.577 

-1.034 

-.2018 


I-7i*0 

-25- 


Modal  p°  Spaad.V, 

*P • 

aca  *D"  6  3 .30 

8  3.21 

10  3.18 

14  3.23 

-  2  3.16 

-  2  3.24 

-  4  3.23 

-  6  3.33 

-10  3.26 

-14  3.27 


TABLE  IV 
CONTINUED 

Maaaurad 

X-Forca  Y-Forca  N-Mo»*nt 
lba.  lba.  lb. ft . 

-.0445  *.6705  *.4666 

-.0453  *1.339  *1.272 

-.0641  *1.837  *1.912 

-.0604  *3.185  *3.716 

-.0290  -.7157  -2.49^ 

-.0347  -.7035  -2.562 

-.0094  -1.161  -3.591 

-.0599  -1.874  -4. 846 

-.0553  -3.056  ->.452 

-.0203  -4.376  -9.940 


Corractad 

X-Forca  Y-Forca  N-Moaant 
lba.  lba.  lb.ft. 

-.0130  *.8799  *.6033 

-.0062  *1.538  *1.403 

-.0160  *2.029  *2.038 

-.0125  *3.384  *3.848 

.0390  -.5215  -2.365 

-  .0242  -.4998  -2.429 

-.0333  -.9588  -3.459 

-.0909  -1.660  -4.707 

-.1052  -2.852  -7.318 

-.0899  -4.172  -9.805 


'  A  'L 
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TABLE  V 

TABULATION  OF  MEASURED  AND  CORRECTEO  RESULTS 
FOR  LONGITUDINAL.  LATERAL  FORCES 
AND  YAWING  MOMENTS 


Straight  Course  r1  •  0 


Model  p°  Speed. V. 

fpe 

Sere  Hull  0  3.24 

2  3.22 

4  3.24 

4  3.19 

6  3.23 

8  3.25 

10  3.20 

10  3.16 

12  3,26 

14  3.26 

14  3.21 

14  3.16 

-  2  3.24 

-  4  3.23 

-  6  3.24 

-10  3.25 

-14  3.26 

-14  3.17 

Kull*Skeg  A  0  3.22 

2  3.20 

*  3.21 

6  3.20 

6  3.30 

10  3.20 

10  3.31 

14  3.19 

14  3.19 

-  2  3.35 

-  6  3.20 

-10  3.20 

-10  3.35 

-14  3.35 


Meesured 

X-Forcs  Y-Force  N-Mament 
lb*.  lb*.  lb. ft. 

-.366  O  -.0567 

-.406  *.122  *.395 

-.663  *.264  *1.071 

-.454  *.337  *1.122 

-.636  ♦.441  ♦l.aSS 

-.578  *.572  *2.247 

-.561  *,755  *3.091 

-.474  *.659  *3.006 

-.637  *1.126  *3,687 

-.589  *1.380  *4.669 

-.425  *1.444  4.611 

-.499  *1.468  *4.683 

-.588  -.102  -.536 

-.595  -.267  -1.107 

-.567  -.389  -1.659 

-.625  -.943  -3.180 

-.658  -1.604  -5.098 

0  -1.658  -4.995 

-.655  0  -.114 

-.581  *.22 4  *.270 

-.530  *.459  *.709 

-.602  *.663  *.908 

-.709  *.741  *1.036 

-.683  *1.377  *1.510 

-.682  *1.617  *1.762 

-.683  *2.346  *2.305 

-.683  *2.448  ‘2.407 

-.516  -.224  -.516 

-.632  -.571  -1.040 

-.643  -1.377  -1.907 

-.617  -1.659  -2.051 

-.527  -  2.959  -3.072 


Corrected 

X-Force  Y-Force  N-Monent 
lb*.  lb*.  lb. ft. 

-.273  0  -.1145 

-.327  *.122  *.  338 

-.597  *.284  *1.013 

-.371  *.337  *1.066 

-.547  *.441  *1.532 

-.577  *.572  *2.169 

-.463  *.755  *3.035 

-.378  *.659  *2.951 

-.530  *1.126  *3.829 

-.481  *1.380  *4.613 

-.312  *1.444  *4.752 

-.344  *1.468  *4.629 

-.519  -.102  -.593 

-.532  -.267  -1.163 

-.508  -.389  -1.717 

-.577  -.943  -3.238 

-.621  -1.604  -5.144 

0  -1,658  -5.050 

-.582  0  *.172 

-.504  *.224  *.214 

-.448  *,459  *.G53 

-.514  *.663  *,852 

-.615  *.741  +.976 

-.585  *1.377  *1.454 

-.576  *1.617  *1.722 

-.575  *2.346  *2.249 

-.575  *2.448  *2.351 

-.442  -.224  -.577 

-.575  -.571  -1.097 

-.596  -1.377  -1.964 

-.571  -1.659  -2.113 

-.486  -2.959  -3.133 


Hull*Skeg  8  0  3.37 

2  3.38 

4  3.41 

6  3.30 

10  3.31 

14  3.26 

-  2  3.30 

-  4  3.26 


-.536  -.0228  *.091 

-.559  *.182  *.570 

-.580  *.499  *1.056 

-.545  *.610  *1.428 

-.550  *1.140  *2.230 

-.647  *2.332  *3.805 

-.719  -.251  *4.578 

-.625  -.466  -.996 


-.456  -.0228  *.0285 

-.472  *.182  *.507 

-.486  *.499  *.992 

-.451  *.610  *1.368 

-.454  *1.140  *2.175 

-.534  *2.332  *3.747 

-.647  -.251  *3.979 

-.561  -.466  -1.055 


I 

I 

1 

I 

r! 

1 


*-?l»0 
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TABLE  V 
CONTINUED 


Modal  p°  Spaad.V, 

fpe 

Hull+Skag  8  -10  3.30 

-14  3.28 

Hull+Skag  C  0  3.35 

2  3.36 

4  3.34 

4  3.29 

6  3.35 

10  3.36 

14  3.36 

-  2  3.36 

-  4  3.34 

-  6  3.28 

-10  3.26 

-11  3.27 


Massurad 

X-  Fore  a  Y-Forca  N-Monant 
lbs.  lba.  lb.ft. 

-.447  -1.363  -2.572 

-.659  -2.473  -3.877 

-.381  0  -.056 

-.493  *.202  *.594 

-.526  +.459  *1.019 

-.464  *.421  *.994 

-.594  *.560  *1.568 

-.583  *1.222  *2.892 

-.628  *2.242  *4.361 

-.617  -.202  -.594 

-.571  -.336  -1.098 

-.535  -.524  -1.562 

-.541  -1.113  -2.756 

-.599  -2.236  -4.408 


Corractad 

X-Forca  f-Forca  N-Moaiant 
lba.  lba.  lb.ft. 

-.397  -1.363  -2.632 

-.621  -2.473  -3.915 

-.303  0  -.118 

-.408  *.202  *.532 

-.436  *.459  *.968 

-.377  *.421  *.934 

-.497  *.560  *'.506 

-.475  *1.222  *2.831 

-.500  *2.242  *4.299 

-.543  -.202  -.656 

-.503  -.336  -1.159 

-.475  -.524  -1.621 

-.492  -1.113  -2.814 

-.562  -2.236  -4.467 


Hull+Skeg  D  0  3.24 

2  3.28 

4  3.26 

6  3.28 

10  3.32 

14  3.30 

-  2  1.30 

-  4  3.30 

-  6  3.28 

-10  3.28 

-14  3.28 


-.503  -.096  -.171 

-.572  *.400  +.853 

-.604  *.784  *1.940 

-.518  *1.145  *3.208 

-.594  *2.167  *5.500 

-.578  *3.074  *8.360 

-.643  -.349  -1.112 

-.600  -.850  -2.278 

-.464  -1.274  -3.456 

-.583  -2.268  -5.962 

-.670  -3.283  -8.651 


-.428  -.096  -.230 

-.490  *.400  *.794 

-.518  *.784  *1.882 

-.426  *1.145  +3.148 

-.488  *2.167  *5.440 

-.462  *3.074  *8.300 

-.571  -.349  -1.172 

-.533  -.850  -2.338 

-.404  -1.274  -3.515 

-.534  -2.268  -6.021 

-.632  -3.283  -8.710 


Plata 


"H" 


0  3.30  -.2834 

2  3.30  -.1744 

4  3.28  -.3024 

6  3.30  -.3161 

8  3.22  O 

10  3.24  -.3045 

10  3.24  -.2100 

12  3.16  0 

14  3.24  0 

14  3.17  0 

14  3.28  -.2365 

■  2  3.26  -.2014 

•  4  3.30  -.2398 

■  6  3.34  -.4256 

■10  3.30  -.3161 

•14  3.28  -.3010 

■14  3.18  0 


-.0327  0 

♦.2616  *.4251 

+.7452  *.9828 

♦1.199  *1.700 

♦1.842  *2.484 

♦2.436  *3.308 

♦2.226  *3.297 

♦2.540  +4.350 

*3.108  *5.355 

♦3.454  *5.353 

*3.859  *5.354 

-.2968  -.3922 

- .6976  -.9919 

-1.266  -1.613 

-2.376  -3.183 

-4.214  -6.773 

-3.366  -5.192 


-.2071  -.0327  -.0600 

-.0916  +.2616  +.3652 

-.2149  +.7452  *.9234 

-.2224  *1.199  *1.640 

0  *1.642  *2.427 

-.2037  +2.436  +3.250 

-.1092  *2.226  *3.239 

0  *2.540  *4.295 

0  *3.108  *5.297 

0  *3.454  *5.297 

-.1226  *3.859  *5.294 

- . 13i4  -.2968  -.4505 

-.1733  -.6976  -1.052 

-.3629  -1.266  -1.674 

-.2660  -2.376  -3.243 

-.2634  -4.214  -6.832 

0  -3.366  -5.248 


H-?i|0 
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TABU  V 
COKT1NUEO 


Modal 
Plata  "A" 


Plata 


"C" 


Spaad.V, 

fp* 


Maaaurad  Corractad 

X- Fore  a  Y-Forca  N- tenant  X-Forca  Y-Forca  (+- Monant 
lba .  lba.  lb.ft.  lba.  lba.  lb.ft. 


0 


6 

10 

14 
14 
14 
-  2 

-  4 

-  6 
-10 
-14 


3.36 

3.37 
3.32 
3.30 
3.34 
3.32 
3.36 
3.32 
3.32 
3.32 
3.29 
3.24 
3.26 


-.2486  O  -.0565 

-.2B59  *.3311  *.2825 

-.3333  *.8415  ♦.7051 

-.3085  *1.297  *1.221 

-.4301  *2.576  *2.520 

-.4246  *4.345  *4.279 

-.3447  *4.351  *3.978 

-.3443  *4.345  *3.982 

-.3465  -.3234  -.4499 

-.3300  -.6745  -.9295 

-.2899  -1.286  -1.417 

-.3077  -2.594  -2.814 

-.2968  -4.081  -4.325 


-.1695  0  -.1187 
-.2000  *.3311  *.2203 
-.2442  *.8415  *.6446 
-.2147  *1.297  *1.161 
-.3226  *2.576  *2.  »58 
-.3080  *4.345  *4.219 
-.2248  *4.351  *3.915 
-.2277  *4.345  *3.922 
-.2739  -.3234  -.5104 
-.2629  -.8745  -.9900 
-.2289  -1.286  -1.477 
-.2594  -2.594  -2.872 
-.25i7  -4.081  -4.383 


0  3.38 

2  3.37 

4  3.37 

6  3.37 

6  3.21 

8  3.26 

8  3.28 

10  3.32 

12  3.19 

14  3.34 

-  2  3.30 

-  4  3.34 

-  6  3.28 

-10  3.28 

-14  3.25 


-.1827  0  *.0343 

-.1596  *.3192  *.4560 

-.2394  *.9006  *.9918 

-.2166  *1.505  *1.562 

-.2472  *1.164  *1.478 

-.2024  *1.619  *2.194 

O  *1.717  *2.333 

-.1998  *2.486  *2.964 

0  *2.774  *3.662 

-.2464  *4.211  *4.906 

-.3815  -.2965  -.3728 

-.2800  -.8512  -.9106 

-.2376  -1.307  -1.501 

-.3888  -2.614  -3.143 

-.3074  -4.102  -4.908 


-.1028  0  -.0286 

-.0730  *.3192  *.3933 

-.1471  *.9006  *.9291 

-.1186  *1.505  *1.499 

-.1586  *1.164  *1.421 

-.1054  *1.619  *2.135 

0  *1.717  *2.273 

-.0932  *2.486  *2.903 

0  *2.774  *3.606 

-.1277  *4.211  *4.844 

-.3096  -.2965  -.4327 

-.2117  -.8512  -.9722 

-.1771  -1.307  -1.561 

-.3391  -2.614  -3.202 

-.2703  -4.102  -4.966 


8 

8 


8 

10 

10 

12 


3.30 

3.30 

3.29 

3.30 
3.34 
3.32 
3.34 
3.39 

3.28 
3.37 

3.29 
3.22 
3.36 
3.36 
3.36 


-.1962 

-.2943 

-.2170 

-.2616 

-.2352 

-.2775 

-.2464 

-.2415 

-.1935 

-.1938 

-.2705 

-.2331 

-.1921 

-.1695 

-.2147 


0 

♦.3161 

♦.8138 

♦1.286 

♦1.646 

♦2.198 

♦1.646 

♦1.829 

*2.569 

♦2.645 

♦3.019 

*4.040 

-.3164 

-.7345 

-1.254 


0 

♦.4035 

♦.9982 

♦1.537 

♦2.386 

♦2.442 

*2.307 

♦2.438 

♦3.236 

♦3.386 

♦4.025 

♦5.028 

-.4294 

-.8814 

-1.537 


-.1853 

-.2115 

-.1291 

-.1679 

-.1333 

-.1765 

-.1445 

-.1369 

-.0903 

-.0844 

-.1612 

-.1154 

-.1175 

-.1006 

-.1514 


O 

♦.3161 
*.ei38 
♦1.286 
♦1.646 
♦2.198 
♦1.646 
♦1.829 
♦2.569 
♦2.645 
*3.019 
♦4 . 040 
-.3164 
-.7345 
-1.254 


-.0600 
♦.3434 
♦.9385 
♦  1.477 
♦2.324 
♦2.381 
♦2.246 
♦2.375 
♦3.177 
‘3.323 
♦3.966 
♦4.967 
-.4916 
-.9436 
-1.599 


R-TljO 
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TABLE  V 
CONTINUED 


Modal  fi°  Spoad.V. 

fp» 

Plato  "C"  -  8  3.39 

-10  3.36 

-14  3.38 


M###ur#d 

X-Forco  Y-Forco  N>M»a#nt 
lb*.  lbo.  lb.ft. 

-.1725  -1.725  -2.300 

-.2466  -2.735  -3.345 

-.2396  -4.248  -5.139 


Corroctod 

X-Forco  Y-Forco  It-Moaont 
lbo.  lb*.  lb.ft. 

-.1139  -1.725  -2.363 

-.1966  -2.735  -3.407 

-.1999  -4.246  -5.202 


Plot#  “D" 


0  3.26 

2  3.31 

4  3.31 

4  3.26 

6  3.32 

10  3.32 

10  3.32 

14  3.30 

14  3.30 


.2806  *0.594 

.3520  *.4620 

.3060  *1.056 
.2436  *.9010 
.2886  *1.687 

.2331  *2.964 

.199©  *3.0<5 
.3052  *4.578 

.2634  *4.251 


♦0.842  -.205? 
*.0803  -.2684 
*1.760  -.2169 
♦1.761  -.1579 
*2.786  -.1931 
♦4.595  -.1265 
♦5.226  -.0932 
♦7.763  -.1697 
♦7.706  -.1679 


♦.0594  +.0248 
♦.4620  *.7425 
♦1.056  *1.700 
♦.9010  *1,723 
♦  1.687  *2.725 
♦2.96  *4.534 
♦3.0/5  *5.167 
♦4.378  *7.723 
*4.251  *7.646 
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FIGIJRE  A  2 

MODE  I .  AND  TOWING  APPARATUS 


FIGURE  A3 

PLATE  AND  TOWING  APPARATUS 


